A yellowish-pigmented bacterium, designated strain PLGR-1 T , was isolated from the root of Bergenia scopulosa collected from Taibai Mountain in Shaanxi Province, north-west China, and was subjected to a taxonomic study by using a polyphasic approach. Cells of strain PLGR-1 T were Gram-stain-negative, strictly aerobic, rod-shaped, non-spore-forming and motile with a single polar flagellum. Growth occurred at 7-33 6C (optimum, 25-28 6C), at pH 5.0-10.0 (optimum, pH 6.0-7.0) and with 0-0.5 % (w/v) NaCl (optimum, 0 %). The predominant respiratory quinone was ubiquinone-8 (Q-8) and the major cellular fatty acids were summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c), C 16 : 0 and summed feature 8 (comprising C 18 : 1 v7c and/or C 18 : 1 v6c). The major polyamines were putrescine and 2-hydroxyputrescine and the major polar lipids were diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol. The DNA G+C content was 69.8 mol%. Phylogenetic analyses based on 16S rRNA gene sequences showed that strain PLGR-1 T belonged to the class Betaproteobacteria and formed a tight phyletic lineage with members of the genus Rhizobacter. Strain PLGR-1 T was most closely related to Rhizobacter dauci DSM 11587 T and Rhizobacter fulvus DSM 19916 T , with 16S rRNA gene sequence similarities of 98.5 and 98.0 %, respectively.
The genus Rhizobacter was first described by Goto & Kuwata (1988) and its description was subsequently emended by Stackebrandt et al. (2009) . At the time of writing, the genus includes two species with validly published names: Rhizobacter dauci (type species; Goto & Kuwata, 1988; Trüper & de' Clari, 1998) and Rhizobacter fulvus (Yoon et al., 2007; Stackebrandt et al., 2009) . Members of this genus are characterized as Gram-stain-negative, non-spore-forming, aerobic and oxidase-positive rods, with Q-8 as the major respiratory quinone and DNA G+C contents of 66-71 mol%. Rhizobacter dauci was isolated from carrot galls (Goto & Kuwata, 1988) and Rhizobacter fulvus was isolated from ginseng field soil (Yoon et al., 2007) . During the course of a study on the culturable bacterial communities associated with traditional Chinese medicinal plants from Taibai Mountain, Shaanxi Province, north-west China, strain PLGR-1 T was isolated from the surface-sterilized roots of Bergenia scopulosa T. P. Wang. Based on phenotypic and genotypic data and phylogenetic inference, it is proposed that the new isolate represents a novel species of the genus Rhizobacter, for which the name Rhizobacter bergeniae sp. nov. is proposed.
Healthy root samples of B. scopulosa were used as the source for isolation of endophytic bacteria. Samples were carefully washed under tap water to remove surface soil and subjected to a five-step surface sterilization procedure as described by Zhang et al. (2013) . The surface-sterilized samples were cut into small fragments and macerated using a sterile pestle and mortar in sterile distilled water. Subsequently, the macerated samples were serially diluted in sterile distilled water, spread-plated onto R2A agar (Difco) supplemented with 50 mg imazalil ml 21 and incubated at 3These authors contributed equally to this work.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain PLGR-1 T is KF551137.
25 u C for 2 weeks. The isolate was routinely cultivated on the same medium at 28 u C and preserved in R2A broth (Difco) containing 20 % (v/v) glycerol at 280 u C.
Two universal primers for bacterial 16S rRNA genes (27f, 59-GAGTTTGATCCTGGCTCAG-39 and 1492r, 59-CGGT-TACCTTGTTACGACTT-39; Lane, 1991) were used for colony PCR amplification of the 16S rRNA gene from strain PLGR-1 T . Purification and sequencing of PCR products were carried out by the Shenggong Company in Shanghai, China. Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon-e server (http:// eztaxon-e.ezbiocloud.net/; Kim et al., 2012b) . Phylogenetic analysis was performed by using the software package MEGA version 5.1 (Tamura et al., 2011) after multiple alignment of the sequence data by CLUSTAL X (Thompson et al., 1997) . Phylogenetic distances were calculated according to the neighbour-joining method (Saitou & Nei, 1987) , using the Kimura two-parameter model (Kimura, 1980) , the maximum-parsimony method (Fitch, 1971) , using the min-mini heuristic algorithm (search level 1), and the maximumlikelihood method (Felsenstein, 1981) , using the general time reversible model. The resultant tree topologies were evaluated by bootstrap analyses (Felsenstein, 1985) based on 1000 resamplings.
The nearly complete 16S rRNA gene sequence (1430 bp) of strain PLGR-1 T was determined and subjected to phylogenetic analysis. In the phylogenetic tree based on the neighbourjoining algorithm (Fig. 1) For determination of the DNA G+C content of strain PLGR-1 T and DNA-DNA hybridizations, genomic DNA of strain PLGR-1 T and the two reference strains was prepared according to the procedure of Wilson (1987) with the modification of Cleenwerck et al. (2002) . The genomic DNA extracted from strain PLGR-1 T was treated with nuclease P1 and alkaline phosphatase and its DNA base composition was determined by reverse-phase HPLC according to the method of Mesbah et al. (1989) . The DNA G+C content of strain PLGR-1 T was 69.8 mol%, a value within the range reported for members of the genus Rhizobacter (66-71 mol%; Stackebrandt et al., 2009) . DNA-DNA hybridization was carried out by using photobiotinlabelled probes in microplate wells as described by Ezaki et al. (1989) . The hybridization temperature was 51 u C in the presence of 50 % formamide. Reciprocal experiments were performed for every pair of strains. Hybridization was performed with five replications for each sample. The highest and lowest values obtained for each sample were excluded and the means of the remaining three values are quoted as DNA-DNA relatedness values. Levels of DNA-DNA relatedness between strain PLGR-1 T and Rhizobacter dauci DSM 11587
T and Rhizobacter fulvus DSM 19916 T were 46.3 % (reciprocal, 42.1 %) and 14.7 % (reciprocal, 9.5 %), respectively. All these values were much lower than the threshold value of 70 % recommended for the delineation of bacterial species (Stackebrandt & Goebel, 1994) , indicating that strain PLGR-1 T represents a genomic species that is distinct from the two recognized species of the genus Rhizobacter.
Cell morphology was examined by transmission electron microscopy (HT7700; Hitachi) and phase-contrast microscopy (BX51 microscope; Olympus) with cells grown for 36 h at 28 u C on R2A agar. Gram staining was performed as described by Doetsch (1981) . The growth temperature range (4, 7, 10, 15, 25, 28, 30, 33, 37 and 42 u C), NaCl tolerance [0, 0.5, 1, 2, 3, 4 and 5 % (w/v)] and pH range for growth (pH 4.0-11.0 at intervals of 1.0 pH unit) were tested in R2A broth as described by Zhang et al. (2014) . Anaerobic growth was tested on R2A agar at 28 u C in an anaerobic jar by using AnaeroGen anaerobic system envelopes (Oxoid). In addition to R2A, growth was also evaluated at 28 u C on nutrient agar (NA), tryptic soy agar (TSA), marine agar 2216 (MA) and MacConkey agar (all from Difco). Oxidase activity was determined by using 1 % (w/v) tetramethyl-p-phenylenediamine. Catalase activity was detected by assessing the production of bubbles after the addition of a drop of 3 % H 2 O 2 . Hydrolysis of starch (0.2 %, w/v), casein [3 % (w/v) skimmed milk; Difco], chitin from crab shells [1 % (w/v); Sigma), CM-cellulose [0.5 % (w/v); Sigma] and L-tyrosine (0.5 %, w/v) was tested by using R2A agar as the basal medium according to the methods of Kim et al. (2012a) . Hydrolysis of gelatin and aesculin was determined according to the methods of Smibert & Krieg (1994) . Activities of constitutive enzymes and other physiological properties were determined by using the API ZYM, API 20NE and API 20E strips (bioMérieux) following the manufacturer's instructions, except that the incubation temperature was 28 u C.
Cells of strain PLGR-1 T were Gram-stain-negative, strictly aerobic, rod-shaped and motile by a single polar flagellum (Fig. S3) . Growth of strain PLGR-1 T occurred at 7-33 u C (optimum, 25-28 u C), at pH 5.0-10.0 (optimum, pH 6.0-7.0) and in the presence of 0-0.5 % (w/v) NaCl (optimum, 0 %). Other phenotypic features of strain PLGR-1 T are summarized in the species description and a comparison of selective characteristics with recognized members of the genus Rhizobacter is given in Table 1 . In comparison with the phylogenetically nearest neighbour, Rhizobacter dauci DSM 11587 T , strain PLGR-1 T was positive for casein hydrolysis and a-chymotrypsin activity and was negative for starch hydrolysis and urease, cystine arylamidase, b-galactosidase and b-glucosidase activities (Table 1) . Strain PLGR-1 T could also be distinguished clearly from Rhizobacter fulvus DSM 19916
T by a number of phenotypic characteristics, including nitrate reduction, hydrolysis of casein, tyrosine and CMcellulose, assimilation of carbohydrates and some enzyme activities (Table 1) .
Respiratory quinones of strain PLGR-1 T were extracted from 100 mg freeze-dried cells with chloroform/methanol (2 : 1, v/v), purified by TLC and identified by HPLC as described by Xie & Yokota (2003) . Polyamines of strain PLGR-1 T were extracted as described by Busse & Auling (1988) and analysed according to the method of Schenkel et al. (1995) . Polar lipids of strain PLGR-1 T were extracted and analysed as described by Tindall (1990) . The total lipids and specific functional groups were detected using 5 % ethanolic molybdophosphoric acid (total lipids), Zinzadze reagent (phosphate), ninhydrin (free amino groups), Rhizobacter bergeniae sp. nov.
periodate Schiff stain (a-glycols), Dragendorff reagent (quaternary nitrogen) and a-naphthol-sulfuric acid (glycolipids). For whole-cell fatty acid analysis, strain PLGR-1 T and the two reference strains were grown on R2A agar at 28 u C for 48 h. The physiological age of these three cultures was standardized according to the protocol given by MIDI (http://www.microbialid.com/PDF/TechNote_101.pdf). Cells at the late-exponential phase of growth were harvested and cellular fatty acids were saponified, methylated and extracted using the standard protocol of the MIDI Sherlock Microbial Identification System (version 6.0). Fatty acids were analysed by GC (6890N; Hewlett Packard) and identified using the TSBA6 database of the Microbial Identification System (Sasser, 1990) .
The predominant respiratory quinone detected in strain PLGR-1 T was ubiquinone-8 (Q-8), at a peak area ratio of approximately 98.2 %; a small amount of Q-9 (approx. 1.8 %) was also present. ]. The major polar lipids of strain PLGR-1 T were phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol, which are characteristic polar lipids of the genus Rhizobacter (Stackebrandt et al., 2009 ). In addition, one unknown aminophospholipid and two unknown phospholipids were also detected (Fig. S4) . The major cellular fatty acids (.10 %) of strain PLGR-1 T were summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c; 36.7 %), C 16 : 0 (27.1 %) and summed feature 8 (comprising C 18 : 1 v7c and/or C 18 : 1 v6c; 11.2 %). As shown in Table 2 , the fatty acid profiles of strain PLGR-1 T , Rhizobacter dauci DSM 11587 T and Rhizobacter fulvus DSM 19916
T were essentially similar in that all of them contained summed feature 3, C 16 : 0 and summed feature 8 as the common major fatty acids. However, some qualitative and quantitative differences in the fatty acid profiles could be observed. The presence of anteiso-C 15 : 0 , iso-C 16 : 0 , anteiso-C 17 : 0 and C 18 : 1 v9c, the absence of C 12 : 0 3-OH and differences in the respective proportions of C 12 : 0 , C 17 : 0 cyclo and summed feature 8 distinguished strain PLGR-1 T clearly from its closest (Table  2) . When an emended description of the genus Rhizobacter was performed by Stackebrandt et al. (2009) , C 12 : 0 3-OH was considered to be a common fatty acid of members of the genus Rhizobacter. Nevertheless, the fatty acid profile of strain PLGR-1 T lacked C 12 : 0 3-OH, indicating that the presence of C 12 : 0 3-OH is variable among species of the genus Rhizobacter.
Taken together, the phenotypic and genotypic data and phylogenetic analyses indicate that strain PLGR-1 T represents a novel species of the genus Rhizobacter, for which the name Rhizobacter bergeniae sp. nov. is proposed.
Description of Rhizobacter bergeniae sp. nov.
Rhizobacter bergeniae (ber.ge9ni.ae. N.L. n. Bergenia a botanical genus name; N.L. gen. bergeniae of the plant genus Bergenia).
Cells are 0.4-0.661.7-2.2 mm in size. Colonies grown on R2A agar for 2 days are yellowish, smooth, circular, convex and 1-2 mm in diameter with regular margins. Good growth on NA and R2A agar; moderate growth on TSA; no growth on MacConkey agar or MA. Growth occurs at 7-33 u C (optimum, 25-28 u C), at pH 5.0-10.0 (optimum, pH 6.0-7.0) and in the presence of 0-0.5 % (w/v) NaCl (optimum, 0 %). Catalase-and oxidase-positive. Hydrolyses aesculin, casein and CM-cellulose, hydrolyses tyrosine weakly and does not hydrolyse starch, gelatin or chitin. Negative for nitrate reduction, H 2 S and indole production, glucose acidification and arginine dihydrolase and urease activities. Assimilates D-glucose, L-arabinose, D-mannose, D-mannitol and maltose (in API 20NE tests). Does not assimilate Nacetylglucosamine, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate or phenylacetic acid (in API 20NE tests). Positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), valine arylamidase, leucine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase, and negative for lipase (C14), cystine arylamidase, trypsin, a-galactosidase, b-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase (in API ZYM tests). The predominant respiratory quinone is Q-8. The major polyamines are putrescine and 2-hydroxyputrescine. The major polar lipids are diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol; one unknown aminophospholipid and two unknown phospholipids are also detected. The major fatty acids are summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c), C 16 : 0 and summed feature 8 (comprising C 18 : 1 v7c and/or C 18 : 1 v6c).
The type strain, PLGR-1 T (5CCTCC AB 2013018 T 5KCTC
32299
T 5LMG 27607 T ), was isolated from the surfacesterilized root of Bergenia scopulosa collected from Taibai Mountain in Shaanxi Province, north-west China. The DNA G+C content of the type strain is 69.8 mol%. 
